Introduction
During the recent years, intensive research activity has been focused on mesoporous materials like MCM-41 [1] [2] [3] [4] [5] [6] . The MCM-41 shows no considerable acidity, limiting their direct use in catalytic reactions. However, due to its high specific area, they are excellent catalyst supports, which can generate acid/base sites during or after synthesis either by impregnation or by isomorphous substitution of heteroatom in the MCM-41, especially metals incorporation such as Al, Ti, Zr, B, V, etc 7 . The introduction of titanium in MCM-41 was reported for the first time in 1994 8 . The iso and nonisomorphic substitutions usually enhance catalytic activity in processes of commercial interest such as: hydrocarbon catalytic cracking isomerization, hydrodesulphurization, oxidation reactions, hydroxylation and epoxidation of aromatics, olefins and phenols 9 . Many authors [10] [11] [12] have used the rice husk ash (RHA) as silica source in the synthesis of various mesoporous materials (ZSM-5, MCM-41, MCM-48, SBA-15) using different extraction methods of silica. This agricultural waste has attracted great interest from researchers due to its high silicon content (>90%) of low cost that can be use as Si source in different silica based materials.
The synthesis of Ti-MCM-41 takes place by mixing the silica source and template, which is usually a long-chain surfactant that give micelles, which originate tubes forming hexagonally ordered structure characteristic of MCM-41. The gel prepared with these reagents at different molar ratios surfactant/silicon is subjected to a hydrothermal treatment in alkaline conditions, then washed and dried at room temperature. The template removal, which occur by calcination at approximately 550 °C, results in a silicon material of high specific area and large diameters porous. The synthesis conditions can be changed with the purpose of obtaining materials with different properties. This work aimed to determine and compare the apparent activation energy, involved in thermal decomposition of CTMA + from the pores of Ti-MCM-41 synthesized by two different source of silica in order to evaluate their influence in the template removal. The molecular sieves Ti-MCM-41 were synthesized using rice husk ash (RHA), as alternative low cost source of silica, and commercial silica gel, obtaining two mesoporous material by hydrothermal synthesis of gel molar composition of: 1.0 CTMABr: 4.0 SiO 2 : X TiO 2 : 1.0 Na 2 O: 200.0 H 2 O. The samples were characterized to compare its properties by X-ray diffraction, IR spectroscopy, BET method and thermogravimetric analysis (TGA). The kinetic study using the model proposed by Flynn and Wall to determine the apparent activation energy for CTMA + removal was performed using TGA data. The thermogravimetric analysis results of the material obtained from RHA confirmed intrinsic properties of mesoporous MCM-41 as the synthesized with commercial silica gel, such as high specific area, mesoporous range of pore diameter and hexagonal structure. According to the kinetics results the RHA showed similar chemical interaction to commercial silica gel, which makes it an interesting material, since it is a low cost source of natural silica from agricultural waste.
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Comparison of Kinetic Study of Ctma+ Removal of Molecular Sieve Ti-Mcm-41 Synthesized with Natural and Commercial Silica concentration and length of the carbon chain of the template, synthesis temperature, pH and nature of silica 13 . This work aims the use of the rice husk ash (RHA) and commercial silica gel (SG) as alternatives source of silica in the synthesis of Ti-MCM-41, performing the kinetic study of surfactant cetyltrimethyl ammonium bromide (CTMA + ) removal, using the model proposed by Flynn-Wall, trough thermogravimetric analysis data, relating the apparent activation energy with the chemical interaction of silica sources and the template CTMA + used in synthesis of this material.
Experimental Procedure

Silica extraction
The rice husk (RH) collected at Rio Grande do Norte State, northeast of Brazil was washed in hot water 60 °C, under constant stirring for 1 h, dried at 100 °C for 12 h. After it was crushed in a knife mill (TECNAL TE 631), sieved at 150 mesh (0.106 mm) and calcined in a muffle furnace (TECNAL 3000) at 600 °C, de 10 °C min -1 for 2 h. The resultant material (RHA) was used as silica source in the synthesis of Ti-MCM-41.
Hydrothermal synthesis
The synthesis of the molecular sieve MCM-41 was conducted hydrothermally from molar ratio of 1.0 CTMABr: 4.0 SiO 2 : X TiO 2 : 1.0 Na 2 O: 200.0 H 2 O. The "X" value was set to the molar ratio Si/Ti equal to 50. The silica dispersion and CTMABr solution was submitted to stirring for 1 h and transferred to a stainless steel autoclave heated in an oven at 100 °C for 5 days. The pH correction were made daily in the range 9-10 with a 30% acetic acid solution until it reach stability. The material was filtered and washed with a 2% solution of HCl in ethanol and then with distilled water. The material resulting from the crystallization process was dried at 100 °C for 4 h. Finally, the solid resulting was subjected to TGA analysis for analyze the better calcination condition according kinetic study.
Characterization
X-ray diffraction (XRD) analyses were conducted on equipment Shimadzu XRD-7000 using a Cu-Kα radiation source with voltage of 30kV, current of 30 mA and Ni filter. Data were collected in the 2θ range from 1 to 10°. FTIR analyses were performed using Shimadzu Fourier transform infrared spectrophotometer model IR -Prestige 21 using KBr disks. For the KBr disks preparation, the samples were dried in an oven at 100 °C for 2 hours, and then mixed (2 w/w% concentration) with solid KBr, the material obtained was hydraulically pressed (Carver Press) with five tons and the disks were submitted to analysis, whose spectra were scanned in the region from 4000 to 400 cm -1 . The specific area of the samples was determined by nitrogen adsorption at 77 K using the BET method in a Quantachrome NOVA 2000 instrument. Before the nitrogen measurement, samples were degassed at 300 °C in helium for 3 h. The wall thickness (w) of MCM-41 was obtained by the difference between the lattice parameter a 0 and the pore diameter (dp). The thermogravimetric analysis were performed in a thermobalance, model TGA-60 Shimadzu using a nitrogen atmosphere, with a flow rate of 50 ml.min -1 in the temperature range of 30 to 600 °C, the heating rate of 5, 10 and 20 °C min -1 .The UV-Vis analysis were performed in infrared spectrophotometer model Shimadzu, UV-2450.
Kinetic methods
The kinetic study consists in determining the decomposed fraction (α) as a function of reaction time (t) for processes in which the temperature is kept constant or in processes in which the temperature varies linearly with time. In thermogravimetric analysis (TGA), the fraction decomposed (α) is defined by Equation 1. The decomposition rate of CTMA + from the pores of Ti-MCM-41 depends on temperature (T), conversion (α) and reaction time (t). In the TGA, the conversion of CTMA+ is expressed by (Equation 1). 
Where: m o is the initial mass, m f is the final mass, and m t is the Ti-MCM-41 mass, which varies with time.
The decomposition rate of CTMA + can be expressed by Equation 2, where the reaction rate is related to the sample decomposition.
( )
Where K is a constant rate obtained by Arrhenius equation, (Equation
.
The determination of global kinetic parameters via TGA was based on method proposed by Flynn-Wall that involves measuring the temperature corresponding to fixed values of conversion (α) from experiments at different heating rates (β), and plotting log (β) against 1/T giving straights lines with slopes -Ea/R 14 . This model require at least three dynamic curves with different and constant heating rates (β); in this work it was assumed as 5, 10, and 20 °C min -1 with temperature between 30 and 900 °C, mass of the samples was approximately 3 mg. This model was used to determine the apparent activation energy (Equation 4) and conversion (α) as a function of temperature.
Where β is the heating rate, T is the absolute temperature (K), b is an interaction variable, R is the universal gas constant and Ea is the activation energy (J mol -1 ).
Results and Discussion
The thermogravimetric curves of Ti-MCM-41 (SG) and Ti-MCM-41 (RHA) in different heating ratios are shown in Figure 1a , b, respectively. The mass loss is related to the following stages: (1) desorption of water physically adsorbed in the pores of the material from 30 -100 °C, (2) decomposition of the surfactant CTMABr between 145 and 280 °C, (3) third event occurs at temperatures above 335 °C due to water loss by condensation of silanol groups of the inner surface of pores, which interacted with the molecular sieve. The analysis of samples was performed in order to obtain the best calcinations conditions for CTMA + removal as well as the temperature range where these molecules are removed. These data are fundamental to determine the lowest calcination temperature required for the CTMA + removal from the pores of material 15 . The kinetic study was carried out in the temperature range of CTMA + removal from 140 to 335°C. The Figure 2 show the conversion curve versus temperature of the Ti-MCM-41 (a) (SG) and (b) (RHA). It can be seen that for a given temperature there are different percentages of conversion for the different heating rates (β = 5, 10 and 20 °C min -1 ). The logarithm of the heating rates (log (β)) was plotted versus the inverse of the conversion temperature (1/T α ) for the three curves (β), straight lines were obtained (Figure 3 ) in which the slope of each line corresponds to -Ea/R, where R is the gas constant 16 . The linearity confirms that the kinetic model adopted can be used to evaluate the degradation of CTMA + through thermogravimetry analysis.
According to results of Table 1 , that show the values of apparent activation energy for conversion levels from 5 to 90 %, the presence of titanium in the MCM-41 favor minor apparent activation energy values for CTMA + removal from the porous system of Ti-MCM-41 (SG) and (RHA) compared to RHA-MCM-41 and MCM-41 synthesized by Braga et al. 10 and Souza et al. 15 , that found values of Ea of 221 and 166 kJ mol -1 , respectively 15, 17 . In previous study Fontes et al. 1 observed that the increase of Ti in MCM-41 resulted in a gradual decrease apparent activation energy for CTMA + removal, which confirm the lower Ea values to the Ti-MCM-41 (SG) and (RHA) when compared to other MCM-41 of literature 18 . According to Braga et al. 17 the hydrophilic part of surfactant, which has positive charge, interacts with the surface of the pore of mesoporous MCM-41 material via coulomb forces. The apparent activation energy Comparison of Kinetic Study of Ctma+ Removal of Molecular Sieve Ti-Mcm-41 Synthesized with Natural and Commercial Silica involved in the removal of CTMA + located within the pores of molecular sieve provides the magnitude of the interactions between the template and silica 17 . The Ti-MCM-41 (SG) and Ti-MCM-41 (RHA) showed near values for the two silica sources used confirming that the RHA showed similar chemical interaction as commercial silica used in the synthesis of Ti-MCM-41. These results suggest that there was a possible interaction of Ti contained in the MCM-41 structure with CTMA + species used in the MCM-41 synthesis, facilitating the director removal.
For the XRD result, shown in Figure 4 , the Ti-MCM-41 (SG) and Ti-MCM-41 (RHA) clearly exhibited patterns XRD (100), (110) and (200) that are reflections planes typical of hexagonal structures. The XRD patterns of the synthesized samples are similar to MCM-41 materials reported in literature 1, 10, 19 . Both samples showed high intensity of peaks. In the infrared absorption spectra (Figure 5 ) of the Ti-MCM-41 (SG) (a) and Ti-MCM-41 (RHA) (b) was observed the presence of a broad band around 3250 and 3720 cm -1 referent to hydroxyl groups of internal and external mesoporous structure 20 . The band around 960 cm -1 could be attributed to Si-O-Ti vibrations formed, to which is attributed the large amount of silanol groups present [21] [22] . When titanium is incorporated into the MCM-41 molecular sieve, there was an increase in intensity of this band. According to Gomes 21 this band is due to the large number of silanol groups in its structure, becoming more intense when metals are incorporated into MCM-41 structure. However, this information needs more effort analytical and will be confirmed through UV-Vis.
The UV-vis spectra of Ti-MCM-41 (SG) and Ti-MCM-41 (RHA), shown in Figure 6 , indicate that the materials contain mainly isolated Ti species incorporated in the silicate structure, as they present well defined band at ~ 210 nm. The 254 nm band is due to the presence of Ti atom bonded to four silica tetrahedral. This band was assigned to the charge transfer from the Si, Ti-linking oxygen atoms to the Ti (IV) central atom in directions perpendicular to the Ti-O-Ti chains. The inexistence of the absorption band 370 nm indicate the absence of anatase TiO 2 in the final products.
23,24
The XRF analysis was used to determine the chemical composition of mesoporous material after calcination, and according to result shown in Table 2 it was possible to confirm the presence of Ti in both materials Ti-MCM-41 (SG) and Ti-MCM-41 (RHA), respectively.
The textural parameters for the Ti-MCM-41 (SG) and Ti-MCM-41(RHA) are show in Table 3 . The wall thickness of the silica that forms the hexagonal structure of Ti-MCM-41 was obtained by the difference in lattice parameter a 0 (XRD) ( Figure 7 ) and pore diameter dp (BET), where it is observe a high specific surface area and the similarity between the pore size of the two materials, and they are in accordance with the materials synthesized by Mobil researchers Oil Research and Development Co. 19 . These results highlight the importance of choosing appropriately source of silica to synthesize MCM-41. Table 3 shows that the presence of titanium in the MCM-41 structure caused an increase in the pore diameter and consequently a slight reduction in the wall thickness when compared to pure MCM-41 10 (dp = 3.2; S BET = 897 m 2 g -1 ), confirming the presence of metal cation in the network. According to literature, increasing titanium content in the synthesis mixture results in an increase in the lattice parameter (a 0 ) and this change is probably due to the greater length of the Ti-O bond (1.80 Å) when compared to the Si-O bond (1.61 Å) 21 . According to Eimer et al. 23 when the Ti content increases the surface area of MCM-41 decreases which is clearly correlated to the decrease in the structural order observed, the same result was observed by Fontes et al. 18, 23 . This result could be attributed to the differences in the ionic radio of Ti 4+ (0.68 Å) and Si 
Conclusion
Based on the characterization results, the catalyst Ti-MCM-41 was successfully synthesized using RHA and SG as silica source, it can be concluded that RHA is a suitable source of silica for synthesis, since the material obtained showed intrinsic properties of a mesoporous material MCM-41. The RHA besides be a low cost source of natural silica is derived from a residue generated in rice production. Thus, the use of RHA in the synthesis of Ti-MCM-41 adds value to the residue and reduces the environmental impacts caused by its disposal.
According to the model of Flynn Wall the apparent activation energy (Ea) for the decomposition of surfactant CTMA + occluded in the pores of Ti-MCM-41 (SG) and Ti-MCM-41 (RHA) showed near values for the two silica sources used, confirming that the RHA showed similar chemical interaction as commercial silica gel used in the synthesis of Ti-MCM-41. 
